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Everything is everywhere and the milieu selects ... or not.
It has long been assumed that bacteria have very high migration rates, owing to the fact that many bacteria have a physiologically inactive stage during which they are resistant to environmental stress.  This has led to the notion that “everything is everywhere and the milieu selects.”  That is, absence of a species from a site means that the species cannot succeed there; that the site might simply be inaccessible is impossible in this view.  However, recent investigations suggest that bacterial migration might be much more limited than previously assumed.  As we shall see, this would have important consequences for the systematics, ecology, evolution, and conservation of bacteria.

Finlay, B. J. 2002. Global dispersal of free-living microbial eukaryote species. Science 296:1061-1063.

This recent paper makes a case for the classical view of worldwide, facile bacterial migration.  The principal evidence offered is that more frequently than not the same “species” (usually determined by 16S rRNA clustering) is found to have a worldwide distribution.  This interpretation has been criticized for not taking into account the slow pace of 16S rRNA evolution (by the assigned Papke et al. paper).  Many “species” with worldwide distributions may actually each represent a large set of closely related species that are indistinguishable by 16S.  For example, a paper by Cho and Tiedje (2000; an optional reading below) shows much greater endemism if a more discerning genetic marker is used.

Roberts, M. S. and F. M. Cohan. 1995. Recombination and migration rates in natural populations of Bacillus subtilis and Bacillus mojavensis. Evolution 49:1081-1094.

This work provides evidence for a very high migration rate in Bacillus subtilis and B. mojavensis, a close relative.  We used a phylogenetic approach to estimate rates of migration between continents.  The principal was that when an organism’s closest relative is frequently on another continent, we can infer that the rate of inter-continental migration is high.  We concluded that migration was sufficient to eliminate any possibility of geographic isolation in Bacillus.  However, you should keep in mind that Bacillus may be a special case, owing to its spore phase, which is extremely resistance to environmental stress.  You need only read the sections dealing with migration:  the last paragraph of the Introduction, the Results section on migration on p. 1087, and the last paragraph on p. 1093. 

Papke, R. T., N. B. Ramsing, M. M. Bateson, and D. M. Ward. Geographic isolation in free-living microorganisms. Applied and Environmental Microbiology (in press).

The authors provide evidence that geographical isolation is critically important to understanding the diversity of some bacterial groups (at least those that do not get around much).  A priori, we might guess that extremophiles of any sort would be constrained in their migration, since to travel from one extreme site to the next, they would generally have to traverse habitats inhospitable for their mesic nature.  In investigations of Synechococcus (Cyanobacteria) adapted to hot springs, Papke et al. show phylogenetic evidence for parallel adaptive radiations in hot springs that have exactly the same physical and chemical properties.  Is migration in most bacteria more like hot springs’ Synechococcus or like spore-forming Bacillus?

Clark, M. A., N. A. Moran, P. Baumann, and J. J. Wernegreen. 2000. Co-speciation between bacterial endosymbionts (Buchnera) and a recent radiation of aphids (Uroleucon) and pitfalls of testing for phylogenetic congruence. Evolution 54:517-525.

Bacterial lineages can be physically isolated from one another even if they live in the same region.  This can occur in obligately symbiotic bacteria that have a long history of association with their hosts.  In this case, a speciation event in the host will split the bacterial symbionts into two populations that can no longer interact, either as competitors or sexual partners.  One piece of evidence for such co-speciation of hosts and symbionts is that their phylogenies should be congruent.  This is often the case, as exemplified by this article.  You need read only the introduction and the final paragraphs of the discussion explaining why co-speciation has occurred in the aphids and their Buchnera endosymbionts.  Also, check out the congruent phylogenies of aphids and endosymbionts.
Broad issues stemming from low migration rates

1.  How can we surmount the difficulty in identifying ecotypes as sequence clusters when sequence clusters could correspond to ecologically identical geotypes?

2.  Should we conceive of a bacterial species as either an ecotype or a geotype?

3.  Are there parallel adaptive radiations in bacteria?

4.  Can bacterial adaptive radiation be jump-started by a period of geographic isolation?

5.  Are endemic bacterial species vulnerable to extinction by immigration of continental bacterial species?

Optional readings

Cho, J. and J. M. Tiedje. 2000. Biogeography and degree of endemicity of fluorescent Pseudomonas strains in soil. Applied and Environmental Microbiology 66:5448-5456.

Waasbergen, L. G., D. L. Balkwill, F. H. Crocker, B. N. Bjornstad, and R. V. Miller. 2000. Genetic diversity among Arthrobacter species collected across a heterogeneous series of terrestrial deep-subsurface sediments as determined on the basis of 16S rRNA and recA gene sequences. Applied and Environmental Microbiology 66:3454-3463.

This paper investigates bacterial biodiversity in rocks deep inside the earth.  The porosity of the rocks appears to determine the degree of migration and endemism.  

